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We, WILLIAM M. BROWN, 25 
Murpby Road, Hudson, Massachusetts, 
United States of America; JOHN M. 
RUDDT, 42 Pantry Road, Sudbury, Massa- 
chusetts, United States of America; and 
ROBERT T. DUNN, 4 Cedar Ridge Drive, 
Bedford, Massachusetts, United States <^ 
America, citizens of the United States <^ 
America, do hereby declare the invention, for 
v^ch. we pray that a Patent may be granted 
to tis, and the method by vdiicb it is to be 
petfoimed, to be particularly described in and 
by the following statement : 

Tliis invention relates to tel^ihone estten- 
sioQ systems providing a portable or molnle 
extension telephcme which coxmnunicates over 
AC power wires. More particularly, the pre- 
sent invention provides apparatus for oomr 
mnnicating over AC power wires between an 
extension telephone and a conventional teb- 
phone line; 

Aoccnding to the present invendon, there 
is provided, a power line telejpihone extension 
system in a subscriber's jpremises wired vrath. 
AC power wir^ comprising a sobscrtber^s 
telephone line entering the premises from a 
conventional telephone s^rsteni, the subscribers 
line including a trip wire and dug wire, a 
master station coupled to the trip and ring 
wires and coupled to the power wires by a 
reactive couphng circuity and an extension 
station coupled to an extension telephone and 
coupled to the power wires, at L^st one of 
the said stations being arranged to modulate 
tdephone signals on to a carrier and to couple 
the modulated carrier into the power wires, 
and at least the odier of die stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute die telephone 
40 signals. 

The invention will be described in more 
detail, by way of example, with reference to 
the accompanying drawmgs, in which:* 
Figure 1 is a pictorial representation of an 
45 ertension telepih<me system including two 
extension iBln)hones whidi oozzununicate with 
a conventional telephone line via available AC 
power wires and a conventional on line tele- 


phone v^iich. ccumnunicates with die same 
t^plKHie line; - 

Figure 2 is an electrical block diagram 
shoving the principal electrical drctiits at 
the master station between the telephone line 
and the available AC power wires; 

Figure 3 is an dectrical block diagram 
shovraag the principal electrical circuits at 
(Hie of the extension telephone stations which 
couple the extension telephone to the AC 
power vrires for mnmunication whh die tele- 
phone line and the on line telephone; 

Figure 4 is a detailed electrical Mock dia- 
gram of die master station transmit-receive 
umt; 

Figure 5 is a diagram sho^nnng the sequence 
of cradle switch, transfer/hold and other sig- 
nals that initiate couplmg of the system to 
the subscriber's telephone line; 

Figure 6 is a detailed electrical block dia- 
gram of the extension station transmit-receive 
unit; end 

Figure 7 is a circuit diagram of a conven- 
tional battery tel^hone transmission network 
of the Qrpe used in many convendonal tele- 
phcm e handsets and ^lich is for exan^ile, the 
ITT type 75335-1 network, and is suitable 
for use in the master station transmit-receive 

The embodiment of the invention includes 
one ot more extension tel^ihones, each equiii- 
ped widi an extension transmit-receive unit 
(extension TR unit) enabling the extension 
phone to couple directijr to me available AC 
power wires, and a master transmit-receive 
unit (master TR unit) at the mnstipr station 
v^ch connects directly to the available AC 
power wires and also coufdes to the telephcme 
nnp^ on. ^lich there is a conventional on line 
td^hone. This system is illustrated pictori- 
dfy in Figure 1. The master TR unit serves 
as an interface between the subscriber's line 
and the available AC power wires. These 
power wires act as a transmission mediuna 
tor die signals on the telephone line and carry 
these signals to the extension telephone 
stations and also carry signals from the ex- 
tension telephone stadcms to the telephone 
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line. Ax^ number of estension tdepiumes xn^y 
be i^ecl In diis systeni, eadi transmitting a 
HffPgrmt fgtwwfon catrier &equency» and to 
initiate operatios, it is onl^ required that the 

5 eztensioa TR unit of tiie estension tele j^ne 
be plugged into tbe AC power wires. Thus, 
every AC power outlet cannected to the 
power can be used as an exca^ion telephone 
station. With system in operation, all 

10 tdqAftnft line skoals at the sobscriber^B tele- 
phone line are fed to the extension telephones 
vAux^ axe plugged into the AC power wires. 
Foxthermorei, by virtue of the operation of 
ttLC extension and master TR units, calls can 

IS be placed by the subscriber m tbt telei^ione 
line from any the extension stations v^iidi 
are plugged in> and any extension staticsi 
can communicate directly with the telephone . 
line wbj^a or not the subscriber's ccHiven- 

20 tional telephone is connected to the Hne. In 
addidcm, extension st ations whidi are plugged 
into the AC power wires can oonmiunicate 
with each oih^ widiout any actuation or use 
cf the subscriber's conventional on line tde- 

25 phone at the master station. Alsos a call can 
be held by the extension tdej^Hme and the 
extension phone can be unplu^ed (discon- 
nected from die system), movedand plumed 
in again to conrtnnr the caQ. 

30 TUrmng to Figure 1, there is shown the 
subscriber's telephone line 1 and tixe sub- 
scriber's <m line telephone 2 Qietein called 
the master telephone). Bodi the tel^hone line 
aiyi die master toephone are of convenr 

35 tional design and are usually provided fay the 
local telephcBie oompaiQr. For purposes of 
examf^e^ the telepfione system described 
herein is a conventional system sometimes re- 
fcned to as a onmmon battery tdephcme sys- 

40 tern wiiidi govides a tdCThone line to each 
subscriber. Tb& subscribers telephone is on 
the line at all t^re^n and is energcsed bf direa 
current over the tekphone line from a central 
tdephone switching system wbk^ n^ay be a 

45 PB^panda st^ by stq>, crossbar or elec- 
tronic swxtdiing system. 

In a preferred embodiment of the present 
invcmion, both the telephane line 1 and the 
. line 3 from die master td^hone connect 

50 together throug)i a master station oonnector 
4, This oonnector is merely a feed through 
with respect to lines 1 and 3. In addition, 
the connector provides telephone line connec- 
tion to the master station .TR unit 5. This 

55 connection is line 6 and may be no different 
than die telephone line connection to a con- 
ventioaial te^hone Itne extension phone. 
Hence;» the connector 4 may be a conventional 
telephone extension receptacle, 

60 The master station TR imit, connects 
directly to the available AC power wires 7. 
This oonnecdon is conveniendy diroogh a 
conventional AC power reoq>TaWe 8 and m- 
dudes a power cMle 9 from the master unit 


with a oQSventicHiai plug 10 at the end of this 65 
wire to moommodate the receptacle. 

The master TR dint peoorms numerous 
functions. For fnmmple, it is a buffer between 
the telephcme line 1 and the AC power wires 
7 so that there is no dtrecr mains frequency 70 
AC electrical oonnecdon between the tele- 
phone line wires and the power wires. In 
addidon, the master unit imposes a conven- 
tional impedance load on die telephone line, 
via line 6 and the cannecoor 4^ so tiiat die 75 
tdef^ione itng is at aD tmpft dectrically load^ 
as required by die central switching system, 
whether or not the subscriber's master tele- 
phone 2 is on the The structure and 
other functicms of the master TR unit are 80 
more fully described herein. 

For purposes of exanqile, two extension 
stations are shown in Hgure 1> numbered I 
and n and both are plugged into the AC 
power wires visi conventional power reoept- 85 
acIeSi Clearfyy axxy number of extension 
stations can be added and any number can 
be on the power line at the same time. Since 
all the extension stadons may be the same, 
escept diat diey generate and transmit dif- 90 
fetent extension carrier feeqaencies, only 
extension station number I is described herein 
in greater detaiL 

The extension station includes an extension 
TR unit 15 which couples the extension tele- 95 
f^ione 12 to the extension station AC power 
outlet 18. This connectian is made by "an 
AC power ccnmecdng line 19 from the exten- 
skm miit widi an AC plug 20 at the end of 
this cable which phigs into the receptacle 100 
18. The extension TR unit 15 and the ex.- 
tension phime 12 are connected by lines 16. 
These lines^ the extension unit and the extenr 
sioQ phone ate described herein in further 
detaiL 105 

The master and extension TR units 5 and 
15 are simffar in many respects. Eadi in- 
cludes a carrier frequency generator and a 
carrier frequency receiver. Furdiennoie;, the 
extensifBi telephone 12 may be a co n v ent i on al 1 10 
phone which couples to the extension TR 
unit via itnpg 16 that carry relativeiy low 
level voltage;, voice, ring, dial, etc signals 
between the extension phone and the tele- 
phone line to enable all uses of the extension 115 
teleph on e described herein and all uses which 
are normally avaflable to a convendonal ex- 
tension telej^one. 

The extension tel^»hooe sudi as 12 in con- 
nection with die siibscriber's telephone line 120 
as shown in Fig. 1 can be ix^talled easfly 
in any subscribing home or business location 
vdiere ordinary AC power oudets are avail- 
able. There is no limitation on the nurhber 
of extension i^iones that can be employed 125 
on the AC power line at any one time. The 
only limitadon migiht be the length of the AC 
p cr wer Hne and the number of loads diatcCan 
be impeded on die line at aiiy one time which 
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may absorb the earner fireooency signals 
tionanitted becvreen the eytwifflon ^id master 
statiras. This problem can be partially over- 
come by employing relatively hig^ carrier 
5 frequency power md selecting carrier fee* 
quendes which arc readily detecc&d at the 
master and cxtusion stations even though 
they axe very sdistantially attenuated in me 
AC power system. la addMona Stable fihen 

10 at Oe master and extension TR units, axe 
provided to screoi out mnse fnan die AC 
power system and enable dear detection of the 
carried signal even m the presence of a high 
level of nosse. 

1 5 Turning next to Figures 2 and 3, there axe 
shown detailed block diagrams ci the elec- 
trical circuits at the niHsfrr and extension 
stations) and particularly tixe msoter and ex- 
tension TR units and die interconnecHnns 

20 between these units and the extension tele- 
phone. In Figure 2, the master unit includes 
a conventions transmission network 21. For 
purposes of example, thi s tia nsmission net- 
work is identified as an ITT type 75335-1 

25 traosmissiaa netwoik sold by Intematicbal 
Tclnrhone and Tel^r^h Con^Kiny and 
is ^own in greater detail in Figuoe 7. 
The telei^ione line I connects directly 
to the input of networit 21 thitnigh 

30 die connector 4 and tdeplunie line 
6. As already mentioned, lines 1> 3 and 6 
may be a conventional telephone line. Two 
outeuts of the networic are denoted BING 
and MIC The RING output is obtained 

35 fiom terminals G and (Fig. 7) <^ the 
network and carries the tele^riicme ring sig- 
nab firmn the telephone line. The MIC out- 
put is obtained from terminals R and B of 
the network of Fig. 7 and carries the voice 

40 signals fn»n the telephone Jine. The RING 
output is fed to the lii^ detector circuits 22 
and the MIC output is fed to the micro- 
phone drcoits 23. The outputs of these cir- 
cuits axe amplified variable gain audio 

45 amplifiers 24 and 25^ respectively, and com- 
bined by atgebraic summing circuit 26 and 
fed to the master carrier modulator trans- 
mitter 27. In this transmitter, the combined 
voice and ring signals modulate die master 

50 carrier frequency (also referred to herein as 
the ficst carrier oequenqr) and this modulated 
carrier is fed to dipleser unit 28» where it is 
fitexed and allied to one side of RF coup- 
ling networic 29 which connects to the AC 

55 power wires via power line 9 and plug 10. 
TbsiSi the ring and the voice signals on die 
tele£^oae line, whether th^ come from a 
switching station or Aether the voice signals 
come from the master telephone 2, are com- 

60 bined in the master TR unit S and modulate 
the master ^carrier fiequencjr vtiudb. is im- 
posed on the available AC power wires at the 
master station for transmissiaD to the exten- 
sion station along the power wires. 

65 The same AC power wires also bring sig- 


nals from the extension station on the exten- 
sion carrier frequency to die master tmtt. The 
ygfiah from the csssesxoon station modulate 
die cztensicm carrier fcequei^ yMdx feeds 
throufi^ plug 10 and power line 9 to the RF 70 
coq;^ing network 29 ^^ch feeds diplexer 
onit 2& The H^ig™* separates the extension 
carrier from the master carrier frequency and 
feeds the modulated extenrion carrier £te- 
quency, via Ime 31, to the excensioai carrier 75 
fineqoency receiver said demoddator 32. 

The signals fnnn the extension station 
indude voice pignnlftj dial ytgnalo^ extensi(Hi 
cradle switch signals and hold/tmnsfer sig- 
nals. These an appear in die ou^mt d &- 80 
modulator 32. The voice signals are ampli- 
fied bf a band pass audio amplifier 33 wbidi 
is limited to the band pass ca the telephone 
line system (tyi^cally 300 to 3300 HzjC The 
output of audio aniplifier 33 is coi^led to 85 
die earphone texndnab £AP of the trans- 
mission networic via die earphone coupling 
circuit 34. 

The output of demodulator 32 is also fed 
to amplifier 35 which has a 8(Hnevdiat wider 90 
band that indudes die band of ato^lifier 33, 
tor amplifying cradle switch signals, dial sig- 
nals »«n transfer/hold jngnalg from the exten- 
sion station. The output of amp^^fi^^ 
smplied to die DIAL Terminals of the trans- 95 
m&ion network via the dial pulse circuits 36. 
Where the dial signals from the extension 
station axe pulses (sometimes called dial 
dkfcs) as prwluced lyy a ccsiventional rotary 
telephone dial, these dial pulse circuits may IOC 
omsist of a frnkn*^^ driving a normaify closed 
switch, the switch being connected to the F 
and RR termmals of me transmission net- 
work, shown in Fig. 7, and the solenoid beix^ 
driven 1^ the output of ancq^lifier 35. The \0* 
fP ffBti»r unit of diis constructioa and function 
is shown in greater detail in Figure 4. 

The transfer /hold signals and the cradle 
switch signal in the output of demodulator 
32 are amplified by amplifier 35 and fed to iiO 
the transfer/hold and cradle switch circuits 
37 and 38, respectively. These s^nals may 
be con^med in the cradle switdi oxcuits and 
applied to the CRSW terminals in the tip 
and ring lines of die transmission network i\5 
shown in ^g. 7. Thus*, dialing signals, cradle 
switdi signals and tran^er/hold signals 
originating at the ^tension telephone are 
carried to the master unit on the extensian 
carrier frequency over the AC power wires 12C 
and are received, demodulated and applied 
to tlie appropriate T'^wi'Tiala of the transmis- 
sion network. Furthermore^ since the trans- 
mission netwoik is cotmled by line 6 to the 
sidiscriber^s tde^^cme line 1, the same sig- * \2i 
nals are carried to die telephone line and 
aicc<ympli?fh the same functions there as would 
be acoon^lished by the same kind of signals 
from a conventional extension telephone cour 
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nected diitc^ to liie sa bsc rib ei^a tBlcphonr 
line. 

The extension station TR unit 15 and 
cttension telephone 12 aie shown in F^ure 
5 3 with the m^or dccoxts thereof in blocks. 
The master canrier frequency in the AC power 
line is fed to the eztensioa otmpliog network 
41 via phig 20 and Ac power line 19. From 
the coupling nowozk 41 the mastex frequency 

10 is fed to die diplexer unit 42 ^^^lere it is 
s^aiattd &Qm tJie ertfnsffin ftequency and 
fed on line 43 to the master carrier fre- 
quency r ece i v er and demodulator 44^ Thus, 
die ootput of the demodulator 44 ocm^sts of 

15 ydce^ signals equivalent to the voice signals 
on the subscriber's tel^hone line 1 and ring 
siignals remesentative of the ring signab on 
the subscnber's telq^one line 1. These voice 
si^iials are amplified by an^lifier 45 and 

20 ap^ied to die earphone ciroiits 46 ^tiiidi 
energize the earphone 47 of extenston tele- 
phone 12 tiuough one d the lines 16. 

Similarly, the ring sigaal in the output of 
demodulator 44 is amiwifipd by aTm>lifi«T 48 

25 and fed to ring detector circuits 49 \siiich 
control energization of the extension tdephone 
bdl or buzzer 51. This bell ms^ be located 
within the extension TR unit 15 or it may be 
located in a conventional manner in the ex- 

30 tendon tHpph ""*^ 12. 

The signals which origmate at the esSea- 
don telejmone 12 include the extension cradle 
switch signal from the extension cradle switch 
52» the extension dial signals from the exten- 

35 sioin dial 53, the extension voice slgnds from 
the extension microphone moudipiece 54 
and the extension transfer/hold signal from 
the transfer/hold switdi 55 of the extension 
tdeplione. These signals are fed to oorres- 

40 pQimiiig^y named circuits 62 to 65 in the 
extension TR unit. The outputs of circuits 
62> 63 and 65 are Bmnltfied by an^plifier 66, 
67 and 69, respectivet^, and die ou^ts of 
dioe are cumbuml by suxmning circuit 71 

45 and nmplffied by variable gain amplifier 72. 
The voice sieoals bom extoision xucrophone 
54 are amplified by micro|)hone circuits 64 
and fed to variable gain voice band anc^lifier 
68. 

50 Ainplifiers 68 and 72 are preferably vari- 
able gain amplifiers so that oe gains therraf 
caik be adjusted in view of the attenuation 
of the extension phcme carrier frequency in 
the AC power Ime between the extension 

55 station and master station. These outputs of 
amplifiers 68 and 72 are combined by sum- 
ming circuit 73 and fed to extension carrier 
ftequency modulator and transmitter 74. Tlie 
output of transmitter 74 carrying modulated 

60 extension carrier frequency is fed to diplexer 
unit 42 ixiieiein it is separated from the 
master carrier frequency and diea fed to the 
coupUug netwoxk 41 for coupling to the AC 
power vrires via power line 19 and plu^ 20. 

65 Additional details of the master TR unit 


5 tnrf ^/jfag a few slight variations of the sys- 
tem shovm generally in Figure 2 are shown 
in Figure 4. The circuits and omnponents 
shown in Figure 4 which are or m^ be die 
^me as the drcoit blocks shown in Figure 70 

2 Vfbkii make up the master unit, bear the 
g? T Tff' xeferenoe nuxid>ers. Figure 4 does not 
show die traosmissiQn network 21, but radier 
shows in dexaX the tprmiTiab of tiie conven- 
tional tiansmissiQn netwtok of Fig. 7 as it 75 
may be used in die master unit. This parti- 
cular transmission network is identified as the 
ITT type 75335-1 wbish is part of a great 
many oog yentf^npl tel^shone hand sets in 
current use. 80 

The oumuts of transmission networic 21 
shown in Figure 4 ate the RING tenninals 
and the MIC temdnals. The RING ter^ 
minals are terminals G and La to which the 
ting detector circuits 22 in the master unit 85 
are oonnecred. The^ riog d^eccor circuits 
indnde a full wave rectifier diode bridge cir- 
cuit 81 to v^iicfa the terminals G and La of 
die transmission netwod: axe coupled via 
capacitors denoted Cr. The ouQmt of this 90 
badge is connected to the iiqmt of the ring 
signal threshold detector 82 which include 
a smoothing filter and die output of diis de- 
tector is E^>plied across the coil 84 of a 
nomially opeiied solenoid relay with contacts 95 
85. When these contacts dose, they connect 
die output 83 of the 1,000 Bz tone oscillator 
86 to the inpat of variable gain amplifier 25. 
This amplifier preferably operates over a 10% 
band centered at a convetuent ring too& fn^ 100 
quoiCT such as 1,0(K} Hz. The gain of iSps 
rnnplffipr i3 ccmtroDed by vari^le po^tio- 
metier 25'. 

The A4IC temdnals c£ the transmissi<»i 
networici denoted R and B connect across the 105 
primaiv cdl of transformer 87 vrbldi is tiie 
equivaknt of the icdcrophone circuit 23 showa 
in Figure 2« The secondary of this trans- 
former connects to die input of variable gain 
amplifier 24 which preferably operates over HO 
the voice frequency range 300 to 3300 Hz. 
The gain of this amplifier is controlled by 
variable pocendmneter 24\ 

The cutouts of anqiltfiers 24 and 25 are 
fed to algelnaic summing drcuits 26 vMch 115 
cosi^ine die ring tone signal d 1,000 Hz and 
the voice signals whidi lie in the band 300 
to 3300 Hz and these combined signals are 
fed to the master carrier frequency modulator 
and transmitter 27. Tliis niodumor consists 120 
of a variable frequency oscillator 88 ^^lich 
is centered at a frequency substantially higher 
than the teliqihone Ime frequencies and higher 
tiian frequendes normaliy appearing in the 
AC power wires. For example, this frequency 125 
may be 240 QKHz. The output of this oscill- 
ator is amplified by class A power amplifier 
89 and fed to the h^ pass filter 90 in di- 
plexer unit 28. This hi^ pass filter has a 

3 db cut dS. frequency of 200 KHz. Thus, 130 
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the oiztput of high pass filter 90 in the master 
RF or master carrier frequency which is fre- 
quency modulated by the vo i o e and ring tone 
Sgnals derived from the subsctibci'a tele- 

5 phone line 1. Tliis modulated master cazriei 
Qeqoency is cocked to the AC power line 
by die BF oomdhig nmraik 29 ^diich may 
ccHisist of an Rr transformer 91 which coofte 
to tiie AC line 9 by capacitors Cc, denoted 

10 92. 

The RF coiqilin^ network 29 fimctians in 
to the AC power line and couples the exten- 
carii er frequency from the transmitter 27 
to die AC power line and couples the exten- 

15 sion carder fc^ijuency from me AC power 
line m die low pass filter 93 in the diplexer 
unit 28. In the direction from the master car^ 
tier transmitter 27 to die AC power line» die 
pdmaiy coil 94* of RF transfonner 91 inr 

20 ^ndes a centre tap to ground and die cq>a- 
cttances 92 connect ti^ secondary coH 95 
of this transformer m the AC power wires. 

The rg*»«^«» offder fceqi^ncy^ like the 
master carrier frequency) is fax higher dian 

25 the Docmal opcratix^ bemd of the td^>faoae 
line and is hi^^ber than feeqiTenries nom&ally 
ttpp e ar ing m any sigmficanr amplirude in the 
AC power wires. However, die exten^on 
rprripT frequency differs suflfictendy from tlie 

30 master earner fremiency so that they can be 
discriminated readfly one from the other. For 
exami^ if the master ficequenqr is centered 
at 240 dien die extension carrier 

freq uency is ccKtvemendy ceittexed at 90 

35 Aocordhigjy, the 3 db cot off ftequeocy 

of low pass filter 93 is 100 KHz. The oubput 
of dds filter (v^nch Is ^ten^oo carrier ire- 
quency modulated by the various signals 
generated at the extension telephone]^ is fed 

40 to the exteimon carrier fice^uency receiver and 
demodulator 32. Tbe receive' p«don of this 
oonasts <tf a variable gain nmplififr 101 and 
an FM demodulator circuit 1<&. The gain of 
imtpiifigr 101 is controlled by vadaUe potenticH 

45 meter 101'. 

The oul|Rit of demodulator 102 oonsistB of 
the various signals generated at the extension 
teleplione. These include the voice sigifflls in 
the frequency range 300 to 3300 Hz and 

50 separate narrow b^od tones, one carrying tiie 
extension cradle switch signal, another the dial 
pulse dgials and, a third die transfer/hold 
signal Tbs goieiition of diese sa>arate nar- 
row band tcmes to cany each of^ these dif- 

55 &rent signals is explahied mote fully herem 
witli reapect Co Fmice 6 which shows tlie ex- 
tension in unit 15 herein these txHies ace 
generated. F<u: ei^nqile, tiie cradle switch sig- 
nal may be carried by a narrow band tone 

60 centered at 100 Hz, the dial pulse signals may 
be carried by a narrow band tone centered 
at 3000 Hz mi the transfer/hold signals may 
be carried by a narrow band tone centered at 
2,000 Hz. These tones are separated in the 

65 ou^ut of amplifier 35 1^ varible gahi ampli- 


fiers 103, 104 and 105 ^i^iich operate over 
the narrow bands centered at 100 Bs^ 3ftOO 
Hz and 2,000 Hz, r^pectively, and so the 
outputs of these anmlifiers are limited to the 
cradle switdi signat die dial pulse signals 70 
and the transfer/nold signal, respectively and 
each is represented by a different tcme. These 
tones axe decoded by detecting the env^opes 
of diese tones ^^lich iqtnesent the associated 
signals. For tiiis purpose, dttectors 106^ 107 75 
and 108 are provided which produce in the 
output tiieceof the cradle svntdi, transfer/ 
hokl and dial poise signals, respeoivefy. 

The transfer/hold signal in the ouQmt d 
decoder 108 is fed to the fLap input of Gsp- 80 
Bop circuit 110. This flip-fiop ctrcnit is a 
dout^ input, bistable mtutivibrator of con- 
ventional cons Lr action and is triggered by a 
sharply rising voltage level (a spiloe pulse) at 
eilh^ input. For pulpites of exainple, tlie fii^ 85 
stage is the "zero" state and die fiop is the 
"one" state of this multivibrator and me oui- 

rx is from tlie flop ox one state. This output 
a zero or one voltage level and is fed atojg 
with the "zero" or *'<»ie'* volt^ level in 90 
the ouqmt of the cradle switch aeaodet 106 
m OR gate 112 ^diidi oietgizes the solendd 
113 of normally open, swi^ rd^ 114. 

The two switdies 115 and 116 of relay 114 
connect to tiie cradle switch CRSW tenrrinals 95 
of the transmission network 21 in the tip and 
ring lines thereof. These tPirminals, shown 
in Fig. 7, are Li and F whidi ocmnect to 
switdi 115 and L3 and C v^di connect to 
switdi 116. Hence, a ^one" signal kvei in the iOO 
output ficom fii^fl^ 110 or cmdle switdi tcne 
decoder 106.closes switches 115 and 116 and 
medoes die master unit 15 xespcHisive to sitg- 
nals on the subscriber's telephone line 1. 

TTie flip or "zero" stage of flip4op 110 105 
responds to smke pulses firom initiahzadon 
^cuit 111. Tbese spike pulses are derived 
eidier from tiie power supply voltage Vx from 
the DC power supply 30 when die master 
TR tmxt 15 is turned on (sudi as yshen it is nO 
l^i^ged into the AC power line), or firom die 
mttiation cf a "one" signal level in the oat- 
pot of cradle switdi tcme decoder 106. Thus, 
following turn on tiie master TR unit or lift- 
ing the extension telephone handset from its 115 
cradle^ the fl^flop is set to its '*zero'* state. 

T^i^cal operadwi of tiio relay 114 to cob- 
trd oouplii^ c£ die dp and ring lines of net- * 
work 21 to tile subscriber's tdrahuone line, is 
Illustrated by the diagrams of Fig. 5. This 12O 
shows die types of signals ptodu^ by de- 
coders 106 and 108 and by circuit 111, and 
die states of fiip€op 110 and the t^ and ring 
line coiKiecdoQS to the tdephone line at a 
inmiber of typical operadi^ events. For 1 25 
example: 

At ti — the master station is turned on pro- 
du^ng power sumily voltage Vi_ 
vi^iidi causes a ^ike output pulse 


from drcuit 111 Aat sets the flip- 
flap 110 to the "zero" state 
At U — cztensiQa handset is lifted fsom 
its CTsdUe. 

5 At tt — the "-tm^tm transfer/hold button 
is mommtari^y depressed. 
At «cnsion handset is tetomed 

toitsczadle. 
At ts— tiie extension TR tmit is m^thigged 
10 fcoESi die AC paver line— (aof^ ^ 

moved) 

At <«— the extension TR mnx is plugged 

into the AC power Une. 
At if — the extension handset is lifted &om 
IS its cradle. 

At tg—^ estensitKi handset is temzned 
to its cradle. 

This sequence d events shows disct the 
nnamr miit ttaosmission network 21 is 
20 coiqiledtDthe sohsctib^stdephcmeliiieniKMi 
answering the extension j^UHte and remains 
coupled aft^ the tranmr/hcld bottcm is 
actuated even v^en the extension is nsr 
ptogged from the systeto, moved aiul then 
25 plugged in again. 

Tbc dial pulse dicoits 36 in the master 
unit In Pigure 4 con^ of variable gain 
am pTt'fier 104 anmlifymg the signals fnnn 
amplifier 35 and me diJ pulse decoder (enr 
30 vdope detector) 107. The an^Iifier 104 opei^ 
ates over a narrow band oentmd at the 3,000 
He dial pidse tone and selectively amplifies 
only die dial pulse tones ^pearmg in the 
output of fmplffii>i- 35. The decoded dial 
35 pulse tone^ consisting of dial pulses, appears 
in tiie output of this decoder and is i^f^ed 
to the solenoid 121 of relay switch 123. The 
switch 123 in this relay is nonnally closed 
and so each dial pulse caas&s the switch 123 
40 to momentarily open. Since this switch oonr 
nects to the DIAL teimhials F and RR of 
trananisdoa netwoifc 21, the dial pulses 
are applied to the nctw^uk and frcnn die net- 
work to the subscriber's tdepbone line 1 
45 via. die master connector 4. Thusi, all signals 
odmnating at the extension telephone are car- 
neSto die master TR unit over die AC power 
vdte& axKl decoded to suitable fmn for 
ooai^ing to the conventional telephone line 
50 ttanmission network that connects to the sul>* 
scribcr's tdephone line. In this manner, the 
extensitm telephone is made as effective as a 
conventicHud telephone on a conventional ex- 
tendcn of the subscriber's telephone Une. 
55 More pardculaih, the extension tekphone 
described is capu»le of answering and receiv- 
ing jtimmfng td^one calls and conducting 
conversations with the incoming caH It can 
place a caQ on the telephone line and initiate 
60 a hold posidon so ^at the same call can be 
answered also on the master telephone or on 
another extension telephone or so dial the 
extension phcoie auswe ilng the call can be 
unplugged, moved and pimgged in again to 


condnue the caU. Farthexmacc^ all these funo- 65 
dons can be pafomxed with or without the 
master tdephone tm the tsle^one line and no 
acdon h^ to be taken with regard to the 
master tdqihone in order to perform these 
fanctlona. 70 

Addttfnnal details of the extension station 
TR unit 15 are shown in tlie block diagram, 
electrical schematic of Figure 6. As shown 
in this figure;, tiie master carrier fcequenCT 
is ocnmled from the AC power line diroug^ 75 
the RF coupling network 41 v^ch may con- 
sist of two c^>acitanoes 131 connected to the 
primary 132 of an RF transformer 133 m die 
direction of incoming master carder &6* 
qaency. The secondary 134 <f diis trans- 80 
Rumer, in the same direcdon, includes a 
centre tap to ground. The master carrier fre>- 
quency firom this traosfbimer feeds througji 
hig^ pass filter 135 cut-off at 200 KHz to 
the master carrier fretpiency receiver and de- 85 
modulator 44, This receiver and demodulator 
oondsts of a variable gain amplifier 136s a 
low pass broadcast filter 137 and FM de- 
modidator 138. The variable gain anqilifier 
136 has a narrow frequen cy ba nd of opera- 90 
don centered at about 240 KHz. 

Since the signals tiiat modulate the master 
carrier ficequency consist of the 1^000 Hz ring 
tone generated tiie tone osdllator 86 in 
the master uni^ and the voice signals from 95 
die MIC terminals of the transmission net- 
work in tlie master unit, the output of 
demodulator 138 consists of thpx same voice 
signals and the 1,000 IBz ring tone sigoaL. 
The voice signals in this oatput are ampHfied 100 
by variable gain mpiifie^r 45 vdxidi energizes 
the earphone circuit 46 that in turn, energize 
the earphone 47 of the extension tel^ihone. 
The circuit 46 nary inrlnde, for emmple, a 
capacitaiK»,139 in series with inductance J40. 105 

The ™z ^Ckne signal in the'butput of de- 
noodulator 138 is amplified by variable gain 
flmplifigr 4S wiaxh drives the ring and tone 
decoder (ring tone envelope detector) 141 
that energizes the coil 143 of relay switch no 
142. The swittdi 144 of relay 142 is normally 
open and doses wlien the rii^ signal is 
pr^ent in the output of the decoder, \i7hen 
dits switch doses, it turns on the buzzer 
or bell 51. , ^ 

The extension telephone si^uds, exaud- 
tng the voice sigtials msxL the microphone 54, 
are eadi converted to a representative txme 
so that each can be distinguished frtun the 
other at the master unit by the distinguidiing ] 20 
tone. In the extensian unit^ these tones 
modulate the extension carrier frequency 
idddi is then transmitted over the AC power 
wires to the master unit. These identifying 
tones are preferably angLe frequencies, all 125 
within the voice fcequency band width. That 
is, they fall within dte 30 to 3300 Hz band. 
Furthermore;, these tones are selected in view 
of the signal vvhidix they are to convey and are 
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SBpazated sabsfffntiaHy fcam each other to 
esute there is no oml^ Vl^th this xa mind, 
it is oonvenieiit if tiie ciadle switch aignai is 
carried fay a tone at about 100 Hz and the 
5 dial pulses aze carried by a tone at the odiier 
end of the arailable band, such as 3gK)0 Hz. 
This leaves die transfer/hold signal fcom the 
fTKtg pginn tdephone to oe caixied by a tone 
b^ween the other two or about 2,000- He. 

10 Thus, tixe cradle switch, dial and transfer/ 
hold drcnits 62, 63 and 65 shown in Figoze 
3 may each be an osdHstor which is turned 
on ^^lenever die associated s^oal is ptesent. 
For die cradle switch ctzcoit 62 

IS may be a 100 Bz osctDator which is turned 
m ^dicnevcr the cradle switch opens. The 
dial ctrcoit 63 is a 3,000 Hz oscillator \diich 
is tnr^ on at each dial pulse or dick and 
^ transfer/hdd dicuxt 65 is a 2,000 Bz 

20 oscillator turned on each time the transfer/ 
hold switch is actuated. These oscillators feed 
Amplifiers 66^ 67 and 69, respectively and 
the outputs of these ampl&ers axe conobined 
by algebraic summixig drcoit 71- 

25 The voice signals from the extension phone 
microftoie 54 axe fed to the mictopfaone dr- 
coit 64 ^^licfa may consist <£ an input induc- 
tive inmedance 151 and an^lifier 152. The 
band of operation of this amplifier is prefer^ 

30 ably at least £rom 300 to 3300 Hz which is 
in the voice frequency range. 

Variable gain amplifiers 72 and 68 feed 
the tme signals and die vdoe si^oals to 
algebraic summing dicuit 73 \^udi in turn, 

35 contrds die vari^le frequency oscillator 153 
in the extension carrier frequency modulatar 
and tzansmit£er 74. Oscillator 153 has a centre 
frequency cS. abiHit 90 KHz and so the upper 
8idd>a^ output of this osdIlatQr is in die 

40 range of SX) m 100 KHz. This siddsand is 
amptified by dass A power anmlifier 154 ai^ 
fed dirough low pass filter 155 m die d^lezer 
unit 42. This low pass filter has a cut off fire- 
q\issocy of 100 ¥Sx and so it passes the ck- 

45 tension carrier sideband to the RF coupler 
41 that feeds the 8idd>and to the AC power 
wires via the AC phig 20. 

The variable gain amplifiers 72 and 68 
each have a control potentiometer 72' and 

50 68', respectively, for ocmtroUing the gain. 
These potentiometers may be preset or diey 
may be varied at installation or even dur- 
ing use as necessary to control tiie am pl i tud e 
of the tone and voice signals that modulate 

55 die extension carrier frequency. Variable gain 
ampli&cs 45 and 48 also include variablfi 
potentiometers 45' and 4S% respectivdy, for 
the same pur pose. 
A typical ITT type 75335-1 transmission 

60 netwodc 21 is shown in detail in Figure 7. 
This network connects direct to the sub- 
scriber's tdephone line as shown» the tde- 
phone line being represented by the ^ and 
ring wires 161 SaA 162 and grcmnd wire 163. 


The first set of Terniinalsa whidi are across 65 
the lines 162 and 163 are the RING terminals 
consisting <f 0> A, K and Of these, G 
connects to 163, and L, connects to 162 and 
G and Ls ocnmea also to the ring tone detec- 
tor circuit 22 in the master unit. Thz CBSW 70 
t*'wnfnftt« 1^ and F in the t^ line side 165 
of the network c(smect to the mxmally open 
switch 115 <^ relay 114, Fig. 4. ShnO^, 
the CRSW terminals and C in the ring 
fine side 166 of the network connect to switch 75 
116 in die same rday. Thus, when diis rday 
is energized by the cradle swxtdi signal or 
the transfer/hold signal, terminals Li and F 
on the t^ side and terminals Ls and C on 
the ring side of die network are short dr- 80 
ftif tyd . 

The dial pulse or dial dick dgnals appcax- 
ing in the output decoder 107 in the master 
unit cause ncsmally dosed switch 123 of rday 
122 to open then dose with each pulse. The 85 
rermmals of this switch connect to the DIAL 
fenminalB in tip line side of the transmission 
network and so these dial pulses are produced 
in die telephone line when these terminals 
are opeasA and dosed by the switch 123. 90 

A radio frequency fiher 170| also called an 
equaliaser drcmt across the tip and ring sides 
df tile network includes a varistor 167 in 
series widi tiie cmnbinarion of resistor 168 
end ca$>aciCQr 169. The capacitor here snp- 95 
presses dial pulse tcai^&nts to prevent them 
from causing radio inteiferenoe and the resis- 
tor and tlie varistor form the loie equalizer 
that acts as a shunt on short loops to limit 
die power transmitted by^ the transmission 100 
network to die tdephone line and vice versa. 
If diis power levd is too hig^, cross talk 
problions occur. 

The mdudion coil TAa— TC in the tip 
line side and die induction coil TAs— TB 105 
in die ring line side of tiie network are each 
split to balance the impedance <m each side 
<d die line. These inductances are spfit on 
each side of ^e MIC terminals R and B to 
\diich the microphone transformer 87 con- 110 
nectSy as shown in Fig. 4 and inoposes a load 
equivalent to the carbon microphone of a con- 
ventional tdephone. This transformer 87 and 
the resistor 171 make the netwra:k trans- 
mitter im^iedance of what is sometimes called 115 
the anti-sidetcHie circuit The c^dtors 172 
and 173 and resistor 174 make up the anti- 
sidetone balancing impfdnnrpt Varistor 175 
compensates for changes in line impedance 
so mat desired conditions are maintained to 120 
control sidieic»ie levels. 

The earphone circuit 34 connects to dte 
earphone terminals GN and R of ihe trans^ 
minion network. This circuit consists of dic^ 
transformer 34 at the output of variable gain ' 
amplifier 33 that amplifiMt vc^ce signals de- 
rived £rom the extension telmhone. This 
transfotmer provides an impedance equiva- 
lent to the ino^»edanoe of a convenrfonai tde* 
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pihane earphone;, and that in^Kdanoe makes 
1^ tbc r etje lv er leg d the ttansmissum net- 
wodc. VanstDT 175 limits the oattmt level 
cf the xeoetver hcg to levels weU befow^ those 

5 which be oSjectionable to the user. 

Thus, the transmission network can be tiie 
ymifr as Ac »TTtnynit.«grfftn Qjstwto^ in a oozt- 
ventioiiBl tdephiHse and aU tite input and ont- 
pnt rmrnnalft that netwoxk are piovided 

10 *with iinpedances ^rfiich are equivalent to those 
dsat are otamected to sodi a network as in a 
conventional telephone. As a result, the sig- 
nal levds and impedances imposed on the 
subscriber's tplfph™^ line are in all respects 

15 omveatiQnal and not particulaiiy distixffiuish- 
able from the sigoal levels and impedasaes. 
that vrocdd be imposed by a sing^ master 
telephone d conventional desigit connected 
directly to die telephcme line. 

20 WHAT WE CLAIM IS:— 

1. A power line telephone extension sys- 
tem in a subscriber's premises wired with 
AG power wires^ c omprising a subs ctibe i's 
tdephone line entering the premises &am a 

25 oonvendooal tde^rfione q^stem, the sub- 
scriber's line including a tnb wire aM ring 
wire a master statioa cotqded to the trip and 
rmg wires and coiq>led to the power wires by 
a reac t i ve ooimlin^ circuity ana an extension 

30 station oouplecf to an estenacm telejdioaie and 
coupled to the power wires, at least one of 
the said statioiffl beiqg arranged to modulate 
teliq)h<xie aignah on to a earner and to conple 
die modulated carrier into the power wines> 

35 and at least the other of the stations bdng 
ffrwmg>>d to detect and demodulaxe die modu- 
lated carrier to reconstitute the telcphonr sig- 
nals. ^ ^ 

2. A system acoocdix^ to daim la mierein 
40 to modulate signals <m die subscriber's line 

the master and extension sUttions ate equipped 
and from the extension telephone lespec* 
tivdy on to respective master and cxtemion 
carriers for coupling on to die power wires ^ 
45 and are equipped to detect modmated carriers 
from the power wires to provide telephone 
signals respectively to the subscribers line 
and die octensto telephone. 

3. A system aocording to daim 2, 'vdierein 
50 die signals £tam die subscriber's luie indude 

the rfiig mgnnl EUld voicB signals, the ring 
signal causes die extenaon telephone to ring 
and when the extension tdephone is answered, 
signab equivalent to the vmce signals present 

55 on the tdephone line enetgfase the eaxi^one 
of the extension tdephone. 

4w A system according to daim 2 or 3, 
whocein me master station includes a con- 
ventional tdephone transmission network 

60 which imposes a load ioopedance on the sub- 
scriber's line 0QD[qK3tihIe wxdi the td^one 
OTStein> the signals carried <»i the sobsoibers 
luxe are ooup&l from the transndssiQn net- 
wod: to a master carrier frequency modu- 


lator ^dierein tiie tdephone signals modulate 6$ 
the master r-jtrner frexpiency, smd this modul- 
ated master carrier frequency is coupled to the 
power wires at tiie master lo cation by the 
reactive coupling circuit. 

5. A system according to daim 4> idiete- 70 
m the signals from the subscribers line are 
the rt^g signd and voice signals and these 
dg^ials are WTnMnfxf and fed to die iiiHsrer 
carrier frequency modulator. 

6w A system aooording to daim 5, ^lerdn 75 
die otenaon telephone hidudes a bdl, a 
hnnHgPt carrying an earphone and a haid- 
set cradle switdi> the rir^ signal and tiie voice 
s^nals vdiidi are combined and modulate the 
master carrier frequency and are coupled to 80 
the power wires, are coupled from the power 
wires at the extension locaticm en die power 
line and are fed to a master carrier &equency 
demodulator which produces riz^ and voice 
signals, means are pnmded for detecting die 85 
rmg stgnd from me output of tiie master 
carrier ficeqnency demodulator, means are pro- 
vided for energizing the extetsion t d epho ne 
bdl in response to the detected ring signal, 
and means are provided for ener^etng the 90 
extension telephone earphone in response to 
die voice vig^Hs in die ou^mt of the master 
carrier frequency demodulator. 

7. A system aocorduig to daim 6, wherein 
means are provided whereby die bdl is ener^ 95 
gfeed in response to the ring s^gnd In the 
oirqynt of tiie master carrier frequency de- 
modulator wbm die cradle swiltch is actuated 

by the ^^^^j and means are provided 
^diereby die earphone is energized by die 100 
v<^ce dgnals in the output of the master 
carrier frequency demodulator v^ien the cradle 
switch is not actuated by the handset. 

8. A system aconding to dmm 7, ^Kre- 

in the tekj^one transmission network* the 105 
means for combining the ring signal and voice 
signals, the master carrier frequency modu- 
lator, and the reactive coupling circuit are ocmr 
tamed in a unitary padcage at the mast^ loca- 
tioxi, and the extension reodver mean^ the 110 
means for ooupi^ig master carrier signatls 
ther^ the master carrier frequency demodu- 
lator, die means for energizing the extension 
tdefdione earphone are cnnrfmied in a uni- 
tary padcage at the ^tension locatiosL ^ 115 

9. A system according to daim 4, wherein 
means are provided at the master location 
for jdetectirig die ring signfll from the trans- 
mission network and initiating a ring tone 
signal in response thereto, noeans are pro- 120 
vided at die master location for combining the 
rtng tone signd and the voice signals from 

the transmission netwodc> die master carrier 
frequency modulator re^nds to said com- 
bined signals^, producing la the output diexe- 125 
of said master carrier frequency, modulated 
by ring or voice dgnals, and means are pro- 
vided at the extptnsinn location responsive to 
the master carr^ frequency demodulator for 
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<ff»ytttig said npg tone agoals, and tile out- 
put dmcof <>i'riatgft cneigizatum of tbe es- 
tetephotie bell. 

10. A system as in claim 9, v^ieiein ^ 
frequency of the dog tone lies mdiin the 
frequency of the voice signal fcequeiKy band» 
the ring tone detector is tuned narrowly 
to the tone frequency, and the thre^u^ 
cf die Ting tone detector ts sufiEcuntfy high 
to exclude any portion of the vodoe sigaals 
from inittattng energization of the e xtension 
telephone beU. 

11. A system according to any of claims 
4 to 10> \rtieretn die master carrier modnla- 
tUm 1^ die signals carried on the snbscnBer's 
ttng is frequency modulation^ and die masM 
carrier frequency centre frequency is sub- 
standall^ hi|^ier than the tdepl Looe line oper* 
attng tequency band. 

12. A system aoootdmg to any of daims 
2 to lis ^Pheretn the master and extension 
csrder fteqnemci'es are substantially different 
and both are substantial^ higgler than the 
frequency band cf operatiOD of the sub- 
8cra)ex'&Hne. 

13. A system according to any of claims 
2 to 12, ^^laem die eztenston station coti- 
ptises means f c» generating an extensicm telo* 
phone cradle switch sigiul» and means fmr 
flpnci niiiting die cxtenoon carrier frequency 
by the cradle switch si^oal as also the ex- 
tension dial and voice signals modnlate the 
extensim carrier frequency^ whereby the 
modul^sd extension carrier jrf gngla indude 
dial signalsb voice sigaals ana the cradle 
s^ntdi signal; and at the master station^ the 
extension cradle switdi signal is reproduced 


and means are provided for coujding the 
cnulle switch signal to the electrical circuits 
coupled direct to the subscribers line for 40 
conftolling die ooiqding thereof. 

14. A syston according to daim 13, where- 
in ^ extensioii station oonqmses means for 
generating an extensiaa telq^hone transfer/ 
hold signal and means for modulating the 45 
extension carrier freqtiency by the tian^ier/ 
hold signal as also me fxtension dial, voice 

and cradle switch signals modnlate the extm- 
don carrier frequency, idiere)^ the modu- 
i^^rt emeus I on carrier *"g"«i» jpchi^f the 50 
cradle switch, dial, voice and transfer/hold 
signals; and a master location, the extension 
transfer/hold signal is reproduced and means 
are provided for ooo^iling diiecdy to the sub- 
scriber's hue for oontnilling. the coupling 55 
thereof. 

15. A system according to daim 14;, wbere^ 
in the master station comprises means wiiet^ 
by the reproduced cradle switch and transfer/ 
hold signals cause the electrical circuits to 60 
couple directly to die tdephone line wbjea, 

1. the cradle switdi signal is present 

2. fonowic^ the sinudtaneois occurrence of 
the cradle switch signal and the ttas^/ 
hcdd signal, the cradle switch signal 65 
ceases and couplihg to the sub- 
scribers line oonthntes mtfil^ the cradle 
switch signal commenoes agaia and then 
ceases again. 
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